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Propanoate metabolism and fatty acid metabolism are crucial metabolic pathways in vivo that have been studied extensively and 
have shown a significant influence on the growth and diseases of animals. In order to identify the essential genes significantly 
associated with porcine growth traits at the pathway level, we selected 14 candidate genes with 58 SNPs, including 24 tag SNPs 
and 34 predicted SNPs, in the two essential pathways to test using the SNaPshot mini-sequencing method. Association analysis 
was performed using both static and dynamic phenotypic records. The results showed that four SNPs, respectively in SUCLA2, 
SUCLG2, ACADS, and ALDH1B1, were significantly associated with growth in pigs. In addition, an exciting finding was that the 
change of transcription factor binding site that resulted from alteration of the bases in SUCLG2 brought out a transcription factor 
binding site for POU1F1a, which is the product of a notable marker gene for growth of animals. 
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Growth traits, including total feed intake, daily feed intake, 
feed conversion ratio and daily weight gain, have a direct 
impact on production efficiency in the swine industry. 
Studies on the relationship between noted growth-related 
genes and growth traits have attracted a great deal of atten-
tion for decades. Unfortunately, despite the fact that nu-
merous studies have been performed, few of them have 
demonstrated the nature and mechanism of genetic variation 
that underlies the quantitative traits. The methods for stud-
ying quantitative traits should be reconsidered, because the 
use of only SNPs as the basic units of association analysis 
has shown several limitations. The functions of SNPs and 
genes are usually carried out through intricate pathways of 
reactions and interactions [1]. Therefore, studies based on 
the candidate pathways approach may not only provide us 
with the possibility to gain more extensive insight into the 
functional basis of association but also facilitate and unravel 
the detailed genetic control mechanisms of complex pheno-
types.  
Previous study in our laboratory has shown that the pro-
panoate and fatty acid metabolic pathways exhibit signifi-
cant down-regulation under PPARα knockout conditions in 
the livers of mice, which was detected by the analysis of 
mouse PPARα dependent or independent datasets by GSEA 
(Gene Set Enrichment Analysis) [2]. The propanoate and 
fatty acid metabolic processes are crucial metabolic path-
ways in vivo, and may be connected with the TCA (tricar-
boxylic acid cycle) cycle. Metabolism of fatty acids is es-
sential for the organism because they are a major source of 
energy and the structural components of membranes. In 
addition, a variety of fatty acids perform key biological 
functions such as the regulation of lipid metabolism, cell 
division and inflammation [3–5]. The metabolism of pro-
panoate (propionic acid) begins with its conversion to pro-
pionyl coenzyme A (propionyl-CoA), which is usually the 
first step in the metabolism of carboxylic acids. The regula-
tory mechanisms of the propanoate and fatty acid metabolic 
pathways have not been clarified. Reports have indicated 
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that genes within the two essential pathways are directly 
involved with anabolism and catabolism, and they can 
therefore be speculated to have an effect on the growth of 
an organism [6–8]. 
1  Materials and methods 
1.1  Animal samples collection 
Here, 115 Hybrid Commercial pigs (Duroc × Landrace × 
Yorkshire, DLY) and 24 Meishan pigs (MS) were used as 
samples for the experiment. All pigs are measured from 25 
to 100 kg by the same corn-soybeanmill-based ration during 
the feeding period and automatically weighed on their way 
to feeding using OSBORNE FIRE system. Feed intake and 
bodyweight (BW) were measured many times a day, these 
values were arithmetically averaged to one value for further 
analysis. In addition, 44 of 115 DYL pigs were slaughtered, 
then loin eye area (LMA) and lean meat percentage (LMP) 
were also measured as the phenotypic records. The sam-
pling materials from their ear tissue were stored in a tube 
with 70% alcohol at –20°C for DNA extracting. Genomic 
DNA was extracted using animal Blood and Tissue kit (Qi-
angen Inc., Valenica, CA, USA). 
1.2  Definition of candidate genes 
In order to identify the functional candidate genes, we first 
performed homology analysis to identify orthologous genes 
in the pig and mouse within the pathways of propanoate and 
fatty acid metabolism, and subsequently predicted their 
mapping locations in porcine chromosomes. The mouse 
sequences were Blast searched against the pig genome using 
Blast 2.2.23. To predict more credible potential functional 
genes, we used a Perl script to locate genes relative to the 
QTL interval in the database of PigQTLdb (http://www. 
animalgenome.org/cgi-bin/QTLdb/SS/index), which sum-
marizes a large amount of information on QTL (quantitative 
trait locus) [9]. 
1.3  SNP prediction and genotyping 
We selected the tag SNPs and potential functional SNPs as 
follows. Tag SNPs were selected from a commercial array 
(Illumina PorcineSNP60 BeadChip) and annotation data-
base (http://www.generay.com.cn). We performed SNP 
prediction analysis on the whole genome shotgun dataset 
generated by the Danish-Chinese Pig Genome Sequencing 
Initiative in the NCBI Trace repository [10]. Subsequently, 
we used MegaBlast to perform sequence similarity analysis; 
the shotgun sequences were assigned to a reference se-
quence (a sequence of candidate genes) by clustering on the 
basis of their sequence similarity, and the sequences within 
each cluster were aligned to search for SNPs, using the 
CodonCode Aligner (CodonCode Corp., Dedham, MA, 
USA) software [11].  
Next, candidate SNPs were genotyped by the SNaPshot 
mini-sequencing method, which is based on the detection of 
a single fluorescent-labeled dideoxy-nucleotide extension of 
a specific unlabeled primer. We utilized the Shanghai Jierui 
Bio Co., Ltd. (http://www.generay.com.cn) for the SNP 
genotyping experiment, for which the SNaPshot method 
was used. In addition, one of SNPs in the SUCLA2 gene 
was retested by PCR-RFLP to verify the accuracy of the 
genotyping result obtained by the SNaPshot method. We 
used Primer 5.0 to design the primers. The primer set for 
SUCLA2 (forward: 5′-CCTGTGGGAACCTTACTC-3′; 
reverse: 5′-CCAGGTGGGTCTTTATGC-3′) was used for 
PCR detection. The PCR amplification program involved: 
denaturation at 94°C for 5 min, 35 cycles of amplification at 
94°C for 30 s, 60°C for 45 s, 72°C for 10 s, and a final ex-
tension step at 72°C for 10 min. For the PCR-RFLP assays, 
8 μL of the PCR products was used for restriction digestion 
with 1 U of HpyCH4IV (Fermentas Inc., Glen Burnie, MD, 
USA) in 1× digestion buffer, which was added to a total 
volume of 10 μL. 
1.4  Statistical methods 
Firstly, the phenotypic records of focus traits were divided 
into static data and dynamic data. The feed intake (FI) and 
BW which have multiple phenotypic records were recalcu-
lated with logistical curve. 
Then, we tested the association between each SNP and 
growth traits using the Least Squares method after adjusting 
for the phenotypic data, including static and dynamic data. 
The following model is used to analyze the effect of each 
SNP:  
yijkl = μ+ si + gj + βk + eijkl, 
where yijkl is the phenotypic value for each trait of individual 
l, μ is the overall mean for each trait, si is the effect of sire, 
gj is the effect of gender, βk is the effect of genotype for 
each SNP (k was defined as 0, 1 and 2 for heterozygous, 
major homozygous and minor homozygous genotypes)), eijkl 
is the random residual effect, independent and normally 
distributed as N (0, σ2). 
Then we simultaneously applied the model for analyzing 
individual effects of all candidate SNPs in the same path-
way, the model is as follows 
1
K
ijl i j k kl ijl
k
y s g X e 

     ,  
where yijl is the phenotypic value for each trait of individual 
l, μ is the overall mean for each trait, si is the effect of sire, 
gj is the effect of gender, Xkl is the indicator variable for 
individual l at kth SNP (0, 1 and 2 for heterozygous, major 
homozygous and minor homozygous genotypes). βk is the 
regression coefficient of the kth SNP. eijl is the random  
residual effect, independent and normally distributed as   
N (0, σ2). 
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Finally, a model-based multifactor dimensionality reduc-
tion method (MB-MDR) was performed to detect the rela-
tionship between interacted SNPs and focused dynamic 
traits. MB-MDR method could not only be applied to ana-
lyze the binary traits in the context case-control studies, but 
also provides options to analyze quantitative traits [12].  
2  Results and discussion 
2.1  Selection of candidate genes and SNPs 
In the ensemble database, 50 genes in the murine fatty acid 
metabolic pathway and 33 genes in the murine propanoate 
metabolic pathway were annotated. After alignment with 
the pig chromosomes, we identified 39 orthologous genes in 
the porcine fatty acid metabolic pathway and 28 ortholo-
gous genes in the porcine propanoate metabolic pathway. 
Each of the orthologous genes was co-localized with pub-
lished QTL from the pig QTLdb: 14 genes involved with 
fatty acid metabolism and 17 genes involved with propano-
ate metabolism were identified. Finally, 14 genes were se-
lected as further candidates on the basis of their variation 
with respect to the corresponding QTL. The elementary 
relationships of these genes are illustrated in Figure 1; the 
genes focused on in the two essential pathways were con-
nected with the TCA cycle. 
Seven genes known to be involved in the propanoate 
metabolic pathway were tested. We chose the candidate 
genes SUCLA2 and SUCLG2, which both encode succin-
ate-CoA ligase. They are both mitochondrial matrix en-
zymes that catalyze the reversible synthesis of suc-
cinyl-CoA from succinate and CoA. The genes SUCLA2 
and SUCLG2 tend to be highly expressed in anabolic and 
catabolic tissues, which suggests a function based on their 
tissue distribution [14]. In addition, we selected three genes 
known to encode propionyl Coenzyme A (PCCB), methyl- 
malonyl CoA epimerase (MCEE), and methylmalonyl CoA 
mutase (MUT) respectively, which are involved in the es-
sential process of conversion of propionyl-CoA to succinyl- 
CoA. A lesion at the epimerase step of methylmalonyl-CoA 
metabolism can cause malfunction of MCEE, which may 
cause methylmalonicacidemia in humans [6]. The last two 
candidate genes chosen in the propanoate metabolic path-
way were ACSS1 and ACSS2, which are known to be highly 
expressed in the livers of mice to produce lipogenic en-
zymes that incorporate acetate into lipids [15,16].  
We selected seven candidate genes (ACAA2, ACADS, 
ALDH2, ALDH9A1, ALDH1B1, ACSL1, and ACSL5) in-
volved in fatty acid metabolism. Studies have reported that 




Figure 1  The fatty acid and propanoate metabolic processes we focused on could be connected with the TCA cycle. The acetyl-CoA and succinyl-CoA, 
which are shared by the two metabolic pathways, play a key role in connecting the pathways, which may account for the effect of our candidate genes on 
porcine growth traits. The figure has been adapted from a previous report [13] and the KEGG database (http://www.genome.jp/kegg/). 
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CoA acyltransferase 2, can be up-regulated by consumption 
of Chongkukjang [17]. The level of expression of acetyl- 
coenzyme A acyltransferase 2 (ACAA2) is prominently in-
creased in mitochondrial-impaired mice [18]. The fatty acid 
acyl-CoA dehydrogenase (ACADS) participates in consecu-
tive cycles of beta-oxidation to generate acetyl-CoA, which 
is involved in the beta-oxidation of short chain fatty acids 
[19]. Recently, the minor C-allele of rs2014355 of ACADS 
found in glucose-tolerant individuals was determined to be 
associated with reduced levels of serum insulin at 30 min 
following an oral glucose load, as well as reduced incre-
mental area under the insulin curve and a reduced acute 
insulin response [20]. It is known that aldehyde dehydro-
genase (ALDH) plays essential roles in the metabolism of 
alcohol and aldehyde. Several members of the ALDH gene 
family have also been observed to be involved in both fatty 
acid metabolism and the propanoate metabolic pathway. In 
this study we chose three genes in the ALDH family, 
ALDH2, ALDH9A1, and ALDH1B1, as the candidate genes. 
In addition, acyl-CoA synthetase isoform 1 (ACSL1) cata-
lyzes the synthesis of acyl-CoA from long-chain fatty acids 
and contributes the majority of cardiac long-chain acyl-CoA 
synthetase activity. Reports have suggested that ACSL1 is 
indispensable in the synthesis of acyl-CoAs that are oxi-
dized by the heart, and that deletion of ACSL1 may cause 
diminished fatty acid oxidation and compensatory catabo-
lism of glucose [21]. 
Table 1 summarizes the information on the 14 genes 
tested. The positions and DNA sequences of the genes were 
based on the ensemble database (http://asia.ensembl.org/ 
index.html). On the basis of our SNP selection and geno-
typing, a total of 58 SNPs were selected to be investigated 
by the mini-sequencing method, and 30 SNPs were found to 
be polymorphic in our set (Table S1). The results from the 
PCR-RFLP analysis are not presented here because they 
were consistent with those of the SNaPshot analysis. Ac-
cording to the SNP prediction analysis, we predicted 22 
novel SNPs in pigs. 
2.2  Genetic association of candidate SNPs with growth 
traits of DLY pigs 
Tables 2 and 3 list the four SNPs that were significantly 
associated with one or multiple growth traits on the basis of 
the least squares model and the multivariate multiple re-
gression method, respectively. The most significant SNPs 
were in the genes SUCLG2 and SUCLA2. One of the SNPs 
(rs19061227) showed no significant associations with the 
dynamic feed intake data, but was strongly related to the 
total feed intake when we analyzed the static phenotypic 
records. In contrast, another SNP (rs40953127) was deter-
mined not to be related in the static study but was signifi-
cant in the dynamic study. This suggests that phenotypic 
records which are measured at a single time point may not 
capture complete information on phenotypic expression [22].  
In addition, among the four significant SNPs, the distri-
bution of allele and genotype frequencies differed signifi-
cantly between Hybrid Commercial pigs and Meishan pigs 
for each significant SNP locus (summarized in Table 4). 
This may account for the discrepancies of the growth traits 
between these two breeds.  
In the least squares model analysis, the SNP (rs19061227, 
C>T) in intron 6 of the SUCLA2 gene showed an extremely 
significant association with feed intake, the feed conversion  
Table 1  Summary of candidate SNPs in investigated genes involved in the propanoate and fatty acid metabolic pathwaysa) 
Gene Gene description Position 
Number of 
typed SNPs 
Number of  
predicted SNPs 
Propanoate metaboliic pathway 
ACSS1 acyl-CoA synthetase short-chain family member 1 Chr17: 32400466 – 32440474 2 4 
ACSS2 acyl-CoA synthetase short-chain family member 2 Chr17: 40324771 – 40382390 2 3 
MCEE methylmalonyl CoA epimerase Chr1: 151628912 – 151834127 4 3 
MUT methylmalonyl CoA mutase Chr7: 50796609 – 50819684 1 2 
PCCB propionyl coenzyme A carboxylase, beta polypeptide Chr13: 63347974 – 63384844 2 4 
SUCLA2 succinate-CoA ligase, ADP-forming, beta subunit Chr11: 19024551 – 19080863 2 2 
SUCLG2 succinate-CoA ligase, GDP-forming, beta subunit Chr13: 40716893 – 41011484 2 4 
Fatty acid metabolism pathway 
ACAA2 acetyl-coenzyme A acyltransferase 2 Chr1: 102228469 – 102257875 1 2 
ACADS acyl-coenzyme A dehydrogenase Chr14: 40705674 – 40721741 3 1 
ALDH2 Aldehydedehydrogenase, mitochondrial precursor Chr14: 39811424 – 39844035 1 2 
ALDH1B1 aldehyde dehydrogenase 1 family, member B1  Chr1: 250616521 – 259620074 0 1 
ALDH9A1 aldehyde dehydrogenase 9 family, member A1  Chr4:  88465756 – 88495201 1 2 
ACSL1 acyl-CoA synthetase long-chain family member 1 Chr15: 42917315 – 42986195 3 3 
ACSL5 acyl-CoA synthetase long-chain family member 5 Chr14: 128524831 – 128724985 2 0 
a) The gene positions were based on the ensemble database. The details of tag SNPs as well as predicted SNPs are provided in Table S1. 
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Table 2  Analysis of significant associations between candidate SNPs of genes in candidate pathways with growth traits using the least squares modela) 
Growth traits 
SUCLA2(C/T) SUCLG2(C/T) ALDH1B1(C/A) 
rs19061227 rs40953127 rs250619092 
Static phenotype records    
weight gain (kg) ns ns ns 
Total feed intake (kg) P = 0.0063 ns ns 
Average daily feed intake (kg) ns ns ns 
Average daily weight gain (g) P = 0.0149 ns P = 0.0183 
Feed conversion ratio P = 0.0024 ns ns 
Corrected LMA (cm2) ns ns ns 
Lean meat percentage ns ns ns 
Dynamic phenotypic records     
Days to 30 kg ns ns ns 
Days to 60 kg ns P = 0.0412 P = 0.0341 
Days to 100 kg ns P = 0.0079 ns 
Average daily feed intake (0–30 kg) ns ns ns 
Average daily feed intake (30–60 kg) ns P = 0.0198 P = 0.006 
Average daily feed intake (60–100 kg) ns P = 0.0128 ns 
Average daily feed intake (0–100 kg) ns ns ns 
a) ns means not significant (P>0.05); total feed intake (in static phenotype records) was the sum of feed intake of an individual from birth to 100 kg; av-
erage daily feed intake (in static phenotype records) was the mean feed intake of an individual from birth to 100 kg; average daily weight gain (in static phe-
notype records) was the mean weight gain of an individual from birth to 100 kg; dynamic phenotypic records were based on the logistic curve. 
Table 3  Analysis of significant associations between candidate SNPs of genes in candidate pathways with growth traits using the multiple regression modela) 
Growth traits 
SUCLA2(C/T) SUCLG2(C/T) ACADS(T/G) 
rs19061227 rs40953127 rs40707134 
Weight gain (kg) ns ns ns 
Total feed intake (kg) ns ns ns 
Average daily feed intake (kg) ns ns ns 
Daily weight gain (g) P = 0.0063 ns ns 
Feed conversion ratio ns ns P = 0.0066 
Corrected LMA (cm2) ns ns ns 
Leanmeat percentage ns ns ns 
Days to 30 kg ns ns ns 
Days to 60 kg ns ns ns 
Days to 100 kg ns P = 0.0281 ns 
Average daily feed intake (0–30 kg) ns P = 0.0038 ns 
Average daily feed intake (30–60 kg) ns ns ns 
Average daily feed intake (60–100 kg) ns P = 0.0057 ns 
Average daily feed intake (0–100 kg) ns ns ns 
a) ns means not significant (P>0.05); total feed intake (in static phenotype records) was the summation of feed intake of an individual from birth to 100 
kg; average daily feed intake (in static phenotype records) was the mean of feed intake of an individual from birth to 100 kg; average daily weight gain (in 
static phenotype records) was the mean of weight gain of an individual from birth to 100 kg; dynamic phenotypic records were based on the logistic curve. 
Table 4  Genotype and genotype frequencies of significant SNPsa) 
Gene Position SNP source Variation site Genotype DLY (Fre%) MS (Fre%) 
ALDH1B1 rs250619092 predict Intron2 CC 91(79.1) 0(0) 
 CA 24(20.7) 6(25) 
 AA 0 18(75) 
ACADS rs40707134 predict Exon1 TT 106(92.2) 0 
 TG 9(7.8) 0 
 GG 0 24(100) 
SUCLA2 rs19061227 porcine 60K Intron6 CC 15(13.1) 0 
 CT 51(44.3) 6(25) 
 TT 49(42.6) 18(75) 
SUCLG2 rs40953127 porcine 60K Intron2 CC 4(3.5) 24(100) 
 CT 80(69.6) 0 
 TT 31(26.9) 0 
a) rs + number represents the location of the SNP in the chromosome based on the ensemble database; Fre% means the percentage of each genotype. 
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ratio, and backfat (P<0.01). Another three SNPs were 
strongly associated with the corresponding traits (P < 0.05 
or P < 0.01). The significant SNPs in SUCLA2 and 
SUCLG2 were selected from the commercial array (Illumi-
na Porcine SNP60 BeadChip), and they have been detected 
in a previous study, while the other three significant SNPs 
were novel, and were predicted by a bioinformatics ap-
proach. 
The SNP (rs40707134, C>A) in ACADS was significant-
ly associated with feed conversion, and only two kinds of 
genotype were detected at that locus in Meishan pig (TT, 
92.2%; TG, 7.8%); however, the unobserved genotype GG 
existed in all the Meishan pigs tested (GG, 100%). Individ-
uals with the TT genotype had a higher mean feed conver-
sion ratio than those with the CC genotype, and the differ-
ence was significant (P=0.0099). It is known that ACADS 
encodes a tetrameric mitochondrial flavoprotein, which is a 
member of the acyl-CoA dehydrogenase family. This en-
zyme catalyzes the initial step of the mitochondrial fatty 
acid beta-oxidation pathway. Mutations in ACADS have 
been reported to be associated with short chain acyl-CoA 
dehydrogenase deficiency [23,24]. In glucose-tolerant indi-
viduals, the minor C-allele of rs2014355 of ACADS has 
been shown to be associated with reduced levels of glu-
cose-stimulated insulin release during an OGTT, a finding 
which in part may be mediated through impaired be-
ta-oxidation of fatty acids [20]. The ACADS has also been 
identified by taking a genome-wide perspective of genetic 
variation in human metabolism [25]. In summary, cellular 
energy metabolism may be sustained largely by mitochon-
drial beta-oxidation of fatty acids when carbohydrate stores 
are depleted after fasting or prolonged exercise. Therefore, 
the fact that ACADS participates directly in energetic me-
tabolism, as one of the genes involved in the fatty acid 
metabolic pathway, may partly explain the finding that this 
SNP in ACADS was associated predominantly with feed 
conversion.  
Another significant SNP (rs250619092, T>G) was found 
within the gene ALDH1B1. Human ALDH1B1 has an exclu-
sive preference for NAD+ as a cofactor and is catalytically 
active toward short- and medium-chain aliphatic aldehyde, 
the product of lipid peroxidation and aromatic aldehyde [26]. 
For SNP (rs250619092) in DLY pigs, the genotype CC had 
a higher frequency (CC 79.1%>CA 20.8%), but the indi-
viduals with the CA genotype showed a larger daily weight 
gain (CC 953.07±18.37<CA 1061.46±34.89, P = 0.0059). 
In mice and humans, the highest level of expression of 
ALDH1B1 occurs in the liver, followed by the intestinal 
tract, and the potential physiological role of ALDH1B1 may 
be implied by its tissue distribution [27]. 
In order to complement the single-SNP analysis and pro-
vide additional insights into the genetic mechanism of 
growth traits, a model-based multifactor dimensionality 
reduction method (MB-MDR) was performed with the dy-
namic phenotypic records to detect the relationship between 
interacting SNPs and our traits of interest at the pathway 
level. It was revealed that several three-SNP interaction 
models were extremely significantly associated with the 
ADFI and BW. Table S2 summarizes the results of the as-
sociation analysis using the MB-MDR method. Some ex-
tremely significant three-SNPs models were identified, 
which included some SNPs not detected by the single-SNP 
analysis. Our results indicate that the SNPs identified by 
single-SNP analysis might influence growth traits in a com-
bined manner.  
Studies on the associations between our candidate genes 
and growth traits in pigs are scarce. However, our genes of 
interest have a common function and are involved in certain 
metabolic diseases [26,28–30], which suggest that functions 
within chemical and energy metabolism may account for the 
effects of these genes on growth. 
2.3  Analysis of transcription factor binding sites of 
significant SNPs 
Natural genetic variation may cause significant differences 
in gene expression, but little is known about the polymor-
phisms that affect gene regulation. Phenotypic diversity 
results not only from coding variation that affects protein 
function but also from regulatory variation that affects gene 
expression [31]. To uncover further mechanisms of action 
of the SNPs significantly associated with the growth of pigs, 
we analyzed the changes in transcription factor binding sites 
after alteration of the bases (http://www.cbil.upenn.edu/cgi- 
bin/tess/tess). 
Figure 2(a) shows that when the base in SNP (rs40953127) 
was changed from C to T, four transcription factor binding 
sites containing the base loci would disappear, but another 
transcription factor binding site (POU1F1a) for the gene 
POU1F1 was presented. The POU1F1 gene encodes pitui-




Figure 2  The changes of transcription factor binding sites after altering 
the bases. (a) SUCLG2 gene; (b) SUCLA2 gene. In (a), when the base in 
SNP (rs40953127) changed from C to T, four transcription factor binding 
sites containing the base loci would disappear, but another transcription 
factor binding site (FOU1F1a) for gene POU1F1 was presented. (b) shows 
the changes of transcription factor binding sites after altering the bases, a 
transcription factor binding site of HiNF-A was presented. 
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family of transcription factors that regulate mammalian de-
velopment. The protein regulates the expression of several 
genes involved in pituitary development and hormone ex-
pression. Multiple transcript variants encoding different 
isoforms have been found for this gene [32]. POU1F1 has 
been studied as a candidate gene for genetic variation in 
meat production traits, because of the essential role of its 
products in the physiological mechanisms related to growth 
[33–35]. Moreover, POU1F1 has been considered to be a 
potential major gene or marker for growth traits, because it 
is significantly associated with body weight and average 
daily weight gain [36]. The results of our association study 
on the SUCLG2 polymorphism are consistent with our hy-
pothesis that the significant SNP in SUCLG2 may play im-
portant roles in growth via regulation of the expression of 
POU1F1. In further studies, we may focus on the function 
of SUCLG2 in order to uncover the regulatory mechanism 
of growth. We also analyzed the significant polymorphism 
in the locus of SUCLA2. Figure 2(b) demonstrates the 
changes in transcription factor binding sites after alteration 
of the bases. Compared with the sequence of the CC geno-
type, a transcription factor binding site for HiNF-A may be 
a potential target in the regulation of H4 histone gene tran-
scription [37]. 
3  Conclusion 
The propanoate and fatty acid metabolic pathways are cru-
cial metabolic pathways in vivo; they have been studied 
extensively and show a significant influence on the growth 
and diseases of animals. In order to identify essential genes 
that are significantly related to porcine growth traits at the 
pathway level, association analysis was performed on the 
basis of static and dynamic phenotypic records. We detected 
four SNPs, respectively, in SUCLA2, SUCLG2, ACADS and 
ALDH1B1, were significantly related to the growth of pigs. 
Moreover, among the four significant SNPs (rs250619092, 
rs40707134, rs19061227, rs40953127), the distribution of 
allele and genotype frequencies differed significantly be-
tween Hybrid Commercial (DLY) pigs and Meishan pigs 
for each significant SNP locus. This may account for the 
discrepancies in the growth traits between these two breeds. 
In addition, an exciting finding was that the change in the 
transcription factor binding site that resulted from alteration 
of the bases in SUCLG2 brought out a transcription factor 
binding site for POU1F1a, which is a notable maker gene 
for growth in animals. 
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